In Brief
Duggan et al. generate 74 whole mitochondrial genomes and stableisotope data from three ancient aboriginal populations from coastal Eastern Canada, spanning eight millennia as well as European contact. The findings indicate a lack of genetic continuity between successive cultural groups and suggest complex dynamics of population and settlement.
SUMMARY
Situated at the furthest northeastern edge of Canada, the island of Newfoundland (approximately 110,000 km 2 ) and Labrador (approximately 295,000 km 2 ) today constitute a province characterized by abundant natural resources but low population density. Both landmasses were covered by the Laurentide ice sheet during the Last Glacial Maximum (18,000 years before present [YBP] ); after the glacier retreated, ice patches remained on the island until ca. 9,000 calibrated (cal) YBP [1] . Nevertheless, indigenous peoples, whose ancestors had trekked some 5,000 km from the west coast, arrived approximately 10,000 cal YBP in Labrador and ca. 6,000 cal YBP in Newfoundland [2, 3] . Differential features in material culture indicate at least three settlement episodes by distinct cultural groups, including the Maritime Archaic, Palaeoeskimo, and Beothuk. Newfoundland has remained home to indigenous peoples until present day with only one apparent hiatus (3,400-2,800 YBP). This record suggests abandonment, severe constriction, or local extinction followed by subsequent immigrations from single or multiple source populations, but the specific dynamics and the cultural and biological relationships, if any, among these successive peoples remain enigmatic [4] . By examining the mitochondrial genome diversity and isotopic ratios of 74 ancient remains in conjunction with the archaeological record, we have provided definitive evidence for the genetic discontinuity between the maternal lineages of these populations. This northeastern margin of North America appears to have been populated multiple times by distinct groups that did not share a recent common ancestry, but rather one much deeper in time at the entry point into the continent.
RESULTS AND DISCUSSION
The earliest traces of occupation in Newfoundland and Labrador (NL) are found at sites in Southern Labrador, including the oldest known burial mound in North America, at L'Anse Amour, dating to 7,714 calibrated years before present (cal YBP) (Tables S1 and S2) [2] . This burial mound, containing the remains of a single subadult, is one of the first manifestations of the Maritime Archaic (MA) tradition [2] .The MA tradition, characterized by the exploitation of marine resources, had expanded along the coast of Newfoundland by ca. 4,500 cal YBP and continued to occupy the island until its apparent disappearance from the archaeological record ca. 3,400 cal YBP [5] . This disappearance from Newfoundland may have been caused by a cooling climate, as evidenced by a retreat of spruce forests and cooling of lake and sea surface temperatures [5] or through competition with Pre-Dorset Palaeoeskimo, who began visiting and/or inhabiting the coast ca. 3,800 cal YBP [6] . Hereafter, Palaeoeskimo cultures flourished-first the Groswater (3,140-1,720 cal YBP) and then the Dorset Palaeoeskimo (2,100-1,070 cal YBP), who overlapped with other indigenous populations represented by various cultural complexes starting ca. 2,100 cal YBP [7] (broadly summarized in Figure 1 ). In the period of sustained European contact (after ca. 1500 AD), the indigenous inhabitants of Newfoundland became known as the Beothuk [8] . Faced with increasing competition for space and natural resources, the Beothuk largely retreated to the interior of the island to minimize contact and potential conflict with the Europeans-a strategy that limited their access to coastal resources [9] and is strongly reflected in the increasing terrestrial isotopic signatures from bone collagen in members of the terminal population (Figure 2 ; A.J.T.H., A.T.D., S.M., I.M., H.P., and V.G., unpublished data). Through the interaction of many factors (such as competition for marine resources and conflict with Europeans), the Beothuk population declined. Despite centuries of overlap, Europeans failed to learn much of the Beothuk people or their way of life apart from a few cultural and linguistic features from Shanawdithit and two other female members during their captivity [8] . Notably, the Beothuk language appears to be distantly related to the Algonkian family [12] , whereas other distinctive cultural features, such as canoe design, appear to be more similar to Athabascan traditions [13] . The last known Beothuk, Shanawdithit, died of tuberculosis in captivity in 1829 [13] . Although it remains possible that Beothuk traces of ancestry persist in contemporary residents of NL, including members of the Innu, Mi'kmaq, and European communities, it is generally accepted that the Beothuk became culturally extinct with the death of Shanawdithit [13] [14] [15] .
To help clarify the complex and dynamic history of human habitation in NL, with access permission to work on the remains granted by the present-day indigenous communities, we sampled minute amounts of bone and teeth ($100 mg) representing 151 MA or Beothuk individuals (STAR Methods; Table   S3 ), and we successfully recovered 77 complete mtDNA genomes from 74 individuals, with three individuals represented twice from different materials (Table S1 ). This sample set includes the MA subadult found in the L'Anse Amour burial mound, the oldest known burial mound in North America and one of the first manifestations of the MA tradition [2] , with the remaining MA samples coming from multiple burial loci of Port au Choix-3 [16] (STAR Methods). The majority of the Beothuk samples are from the Notre Dame Bay area, the geographic area where the Beothuk retreated in response to European expansions. These samples date primarily from the terminal population of the last 300 years. All 77 mtDNA genomes are at minimum 90% complete, with a mean coverage of 2663 (63À1,7693) and a mean contamination estimate of 3% (1%-37%) (Table S1 ). With information gleaned from the archaeological context, isotopic values, radiocarbon dates, and determined mtDNA haplogroups, we conservatively assigned the remains to three ancient indigenous populations: the MA (n = 53), Beothuk (n = 19), and Dorset Palaeoeskimo (n = 2) (STAR Methods).
Research into the mitochondrial diversity of indigenous peoples of the Americas has identified four major haplogroups found throughout North, Central, and South America: A2, B2, C1 (specifically C1b, C1c, and C1d, which are distinct from the C1e and C1f haplogroups found in Northern Europe) [17, 18] , and D1 [19] . There are additional minor founding lineages with more restricted distributions, such as haplogroup X2, found exclusively in North America; haplogroups D2 and D3, associated with Arctic populations; and other low-frequency haplogroups, such as C4c and D4h3a [19, 20] . Importantly, the sum of the genetic studies to date make it clear that these primary founder lineages migrated See also Figure S2 and Tables S2-S4. southward from Beringia sometime before 14,000 cal YBP, most likely by way of a coastal or interior route made available by receding ice sheets [21, 22] . However, the manner in which the first indigenous peoples spread throughout the American continents and their shifting occupations of various regions after their arrival remains, not surprisingly, much less clear.
Each of the mtDNA genomes recovered from the samples included in this study belongs to one of the well-established founder lineages ( Figure S1 ; Table S1 ). The haplogroup diversity in the MA and Beothuk is high, as hinted at in a previous study [10] . In this respect, they contrast sharply with Dorset Palaeoeskimo, who occupied a wider geographic range but seem to have carried only a single haplogroup [23] [24] [25] . Notably, although no comparative data of similar scale are available from ancient indigenous populations of the Americas, populations for which multiple samples have been sequenced also appear to have limited genetic diversity [26, 27] .
Most strikingly, the MA and Beothuk populations do not share a single haplotype, and they have no direct descent relationship, with the possible exception of the X2a1-X2a1b lineage (Figure S1 ). In this context, the recovery of several lineages of X2a from these samples is noteworthy. The mtDNA of Kennewick Man from Washington State, dated to ca. 8,800 cal YBP, has recently been typed as a basal, ancestral variant of X2a [28] . Though this basal variant is not present in any of our Newfoundland samples, derived variants of it are found in both the MA and Beothuk ( Figure S1 ; Table S1 ). These data support an ancient origin of X2a in an early northern indigenous population whose descendants had expanded from the northern Pacific to the northern Atlantic coasts of North America as early as ca. 4,000 YBP.
To assess the demographic history of both the MA and Beothuk, we produced Bayesian skyline plots from the mitochondrial genomes of samples with associated radiocarbon dates, 30 MA samples, and 19 Beothuk samples (Table S1 ) through the BEAST program suite (see STAR Methods for full analysis details). The MA appear to have maintained a constant population size through the time span sampled here (7, 912 cal YBP), which pre-dates the end of the MA in the archaeological record by ca. 500 years ( Figure S2 ). This contrasts sharply with the reconstructed demographic history for the Beothuk sampled here (1,335-125 cal YBP), almost all of whom most likely belong to the terminal population. Thus, it is not surprising that we observe a sharp decline in their genetic diversity; the current sampling most likely underestimates the full genetic diversity of the Beothuk at their peak population size ( Figure S2) .
We compared our 51 radiocarbon dated samples from NL (30 MA, 19 Beothuk, and two Dorset Palaeoeskimo) with all 102 radiocarbon dated, publicly available sequences from across the Americas (predominantly from Central and South America) [23, 26, 27, [29] [30] [31] [32] . We used the BEAST program suite to build a maximum clade credibility tree to assess lineage divergence times and patterns (see STAR Methods for full analysis details) ( Figure 3 ). Strikingly, with the singular exception of X2a1*, the MA and Beothuk do not form sister lineages and instead share more recent common ancestry with samples from across both continents ( Figure 3) . This pattern appears to be convincing evidence of almost total maternal population discontinuity between the two groups, as supported by the hiatus in the archaeological record after 3,400 cal YBP. Furthermore, this phylogenetic pattern suggests that the MA and Beothuk do not descend from the same regionally restricted ancestral population. The only exception is the X2a1 lineage, where the Beothuk samples appear to coalesce with the lineage shared by an MA sample ca. 6,000 cal YBP (Table 1) . This date is consistent with the timing of MA occupation of NL (ca. 8,000-3,400 cal BP) but before the appearance of the Palaeoeskimo (ca. 3,000 cal YBP) and precontact Beothuk (ca. 2,000 cal YBP) cultures. Notably, this is the sole mtDNA evidence at present of possible maternal population continuity.
Despite the complete absence of haplotype sharing, F ST estimates between MA and Beothuk are low, even when accounting for differences in sample size (Table S4 ). This suggests that both groups most likely derive from an ancestral source with low genetic diversity, which can be identified as the small founding population that migrated from Beringia into the Americas [33] . Furthermore, almost all of the lineages shared between MA and Beothuk coalesce at a time frame that predates both the oldest archaeological records of these cultures and the earliest feasible occupation of NL (Table 1) . At a more local scale, the lack of population continuity between MA and Beothuk is consistent with the gap of approximately 1,400 years without yearround settlement by indigenous populations (not including Palaeoeskimo) in the archaeological record of Newfoundland [7] . On a continental level, these deep coalescence dates are more surprising as they suggest that the farthest eastern edge of North America was colonized multiple times by different indigenous groups. First, by the MA shortly after de-glaciation ca. 8,000 cal YBP, then by the Palaeoeskimo, and finally about 2,000 years ago by a distinct population that included the precontact 
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N values indicate that marine and mixed marineterrestrial diets were dominant. Some regional variation is apparent in the MA values between Newfoundland and mainland Labrador. Beothuk values separate between early historic and terminal Beothuk period individuals. The isotopic values of prey groups reflect those measured in archaeological fauna from Newfoundland. The figure includes published data from Jelsma [10] and Kuch et al. [11] (see Table S1 for details). Analytical error: Figure S3 and Figure S4 .
Current To further determine the degree of continuity between the MA and Beothuk populations of NL, we performed coalescent simulations. Synthetic datasets of mtDNA genomes were simulated under demographic scenarios that relate the MA and Beothuk to each other: (1) population histories in which the Beothuk are direct descendants of the MA population of NL, (2) histories in which the Beothuk and MA share common ancestry through a population that existed long before the MA appear in NL, and (3) histories similar to (2) but with variable Beothuk and MA population sizes (STAR Methods). The coalescent simulations of mtDNA genomes provided support for the latter scenario, in which the Beothuk and MA populations are related through shared descent from an ancestral population, but were unable to decisively distinguish between the two scenarios (Bayes factor 5.62 [40] ). Our simulations are thus consistent with the phylogenetic inference of population divergence and indirect descent of the Beothuk and the MA.
Both the MA and Beothuk populations, on the eastern extreme of the continent, had high levels of mitochondrial diversity-far higher than that estimated from the Dorset Palaeoeskimo, who occupied a larger territory, during roughly the same time frame. Their diverse lineages are distinct, and, except for a single haplogroup-X2a1-all share more recent common ancestry with Central and South American lineages than they do with each other. These data clearly suggest that the MA people are not the direct maternal ancestors of the Beothuk and thus that the population history of the island involves multiple independent arrivals by indigenous peoples followed by habitation for many generations. Figure S1 and Table S3 . 
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EXPERIMENTAL MODEL AND SUBJECT DETAILS Ethics Clearance
We applied and obtained ethics approval from the Hamilton Integrated Research Ethics Board #2016-2290-T, to sequence and study non-health related genomic data, including mitochondrial and nuclear DNA from the skeletal remains listed in Table S1 . We obtained permission, support, and guidance from the First Nations and Indigenous peoples of Newfoundland and Labrador prior to the commencement of this research. Samples selected from Port au Choix-3 for aDNA analysis represent fifty-two individuals distributed across Loci I (n = 7), Locus II (n = 37), Locus V (n = 5), and two individuals from Harp's reported burials (Burial 3: NP276/BTK165 and Burial 4: NP277/BTK166) [56] , and one individual of an unknown provenance within the general area of the Port au Choix-3 burial ground (NP70(1)/BTK178) ( Table  S1 ). Most of the samples for our analyses are represented by teeth (83%, 43/52), while the remaining samples are made up of bone material from cranial and appendicular elements (17%, 9/52). Approximately half of the sampled skeletons have been sexed by morphological characteristics (54%, 28/52), with males (38%, 20/52) being represented more than females (15%, 8/52) [10, 57] (Table S1). Using archaeological context information, skeletal anatomy location, and biological age, every effort was made to avoid the possibility of sampling the same individual twice. Initial radiocarbon dates obtained from charcoal (n = 4) and human bone (n = 2) led Tuck to suggest that the burial loci may be chronologically associated with their spatial grouping/clusters, and that the largest burial site of Locus II was older than Locus I [36] . Given that these previous dates were obtained on whole human bone using beta-counting methods, did not record sample integrity and quality assurance measures, nor do they account for the significant contribution of marine carbon resulting from their predominately marine-based diets, we obtained new AMS radiocarbon dates on 27 individuals from Port au Choix-3, or 52% of those included with the mtDNA study ( Figure S3 ).
Locus I, located $300 m southeast of Locus II, was the initial site investigated by Tuck [36] . It appears to have been relatively small, containing concentrically arranged burials of at least eight individuals, and has many similarities of mortuary burial style and artifacts accompanying the individuals as the burials in Locus II and V. One exception to this general rule is the absence of slate bayonets and presence of spear points within the burial items at Locus I. We sampled teeth of seven individuals from Locus I that include two adult females (LPM 2 from NP60A/BTK49 and RC 1 from NP60B/BTK150), a young adult male (LPM 1 from NP60D/BTK50) and a young adult female (RPM 1 from NP61A/BTK52), an adolescent female (premolar from NP61B/BTK53), and two late childhood individuals (Rdm 1 from NP60F/BTK151 and Rdm 1 from NP60H/BTK153). From five of these individuals we have AMS radiocarbon dates that range from $4,400 to 4,500 cal BP ( Figure S3 ), thus placing them near contemporaneous with those in Locus V (see below) and earlier than the individuals in Locus II. Details of the individuals sampled from Locus II can be found in Anderson [57] and summarized here and in Table S1 . The demographics (sex and age) of the thirty-seven individuals sampled from Locus II include 22% (8/37) female, 49% (18/37) male (or male?), and 30% (11/37) unknown, while the age distribution was 11% (4/37) children or younger, 11% (4/37) Adolescent, 35% (13/37) Young Adult, 19% (7/37) Middle Adult, 22% (8/37) Old Adult, and one individual without a biological age classification. The sex and age criteria was Newborn (0-1 years); Infant (2-3 years); Child (4-11 years); Adolescent (12-20 years); Young Adult (20-30); Middle Adult (35-50 years); Old Adult (50+ years) as described previously [10, 36] .
The Locus V burials were discovered by Tuck in 1977, however, no formal assessment of their skeletal attributes has been completed. As such, for the five individuals from Locus V that were sampled for our study less information is available regarding their The L'Anse Amour burial site is in southeastern Labrador, near the modern community of Forteau, and represents the oldest purposeful burial mound in North America [2, 60] . The burial mound is currently 28 m above sea level and 8 m in diameter and marked by nearly 300, 30cm diameter water rolled boulders [60] . At approximately 2 m below the surface of the mound was found the nearly complete remains of a single human individual lying face down in an extended position. Burial artifacts included stone and antler points, a toggling harpoon, a bird bone whistle, and a large stone slab that was placed on the individual's back, and these artifacts are consistent with the MA tradition [2, 36] . Based on osteological analyses of the remains, the individual was approximately 12 years of age, 150cm in height (obtained from grave dimensions), and had moderate 'shovelling' on the lingual incisor surface [61] . While the skeleton was mostly complete, the overall preservation of the bone required consolidation shortly after its removal from the burial context. Unfortunately, the exact method of bone consolidation was not recorded, consequently, biomolecular based investigations (e.g., isotope analysis) and direct radiocarbon dating of the skeleton were initially considered unfeasible. Prior to sampling the bone and teeth for our present analyses, we carried out FT-IR on sub-samples of bone powder and positively identified cellulose nitrate as the consolidation agent. Given the processes through which samples are analyzed for aDNA, stable isotopes, and radiocarbon dating, the presence of this consolidant is not likely to influence the data produced. A sample from the petrous portion of the right temporal bone was taken for aDNA analysis in this study (NP239). An original radiocarbon date of 7,530 ± 140 years BP (I-8099) was obtained from charcoal within a hearth feature located 1-2 m south of the burial and on the same stratigraphic layer [2] . As an additional part of our study, a radiocarbon date and stable isotope data (d 13 C and d 15 N) were obtained directly on bone collagen extracted from the right humerus of NP239/L'Anse Amour. An uncalibrated date of 7,115 ± 20 years BP (UCIAMS-107237) was obtained and, when corrected for marine dietary carbon contribution calculated from the faunal isotope data, gave a calibrated median age of 7,714 years BP ( Figure S3 ).
Dorset Palaeoeskimo Mortuary Sites
Middle Dorset mortuary contexts are known from the island of Newfoundland and from several locations in the Eastern Arctic, most notably Alarnek in Nunavut and the Imaha site in northern Quebec. Although Palaeoeskimo mortuary sites in the Eastern Arctic are few and far between, both spatially and temporally, Dorset mortuary behaviors on the island of Newfoundland appear to have had a regional character [62] . Of the six burial sites reported in the literature (Crow Head Cave, Pumbley Cove, Lane's Cove, Eastern Point, Gargamelle Rockshelter, Phillip's Garden), five occurred in a cave or rock crevice, while the sixth, Phillip's Garden, featured a stonelined burial pit [56, 63] . Dorset burial contexts on the island feature functional and symbolic grave offerings, and two have produced faunal assemblages [62] . BTK180 from Englee/Lane's Cove -EeBa-2 NP70D/BTK180 comes from an assemblage of human remains with uncertain archaeological context. The collection, featuring five individuals, has been tentatively identified as that referenced by Tuck in a 1972 letter to Deputy Minister Herbert Coombs, in which Tuck reports the discovery and subsequent excavation of skeletal elements representing 'six or seven' individuals from Englee on the eastern side of the Great Northern Peninsula. Although Englee was recorded as the provenience of the skeletons in the museum catalog, an official report of the site was never published. Discovered by construction workers, the subsequent excavation revealed a number of human skeletons and artifacts including a Dorset soapstone lamp or bowl, portions of toggling harpoons, and zoomorphic carvings in a partially collapsed limestone cave overlooking Englee Harbour [24] . The site may have since been confused with a smaller mortuary site (EeBa-1) found in the late 1960s in Lane's Cove, which produced a single skeleton of a subadult individual and a slate projectile point [24, 57] .
NP70D/BTK180 represents an adult individual of indeterminate sex. A sample of cortical bone from the left femur was selected for aDNA analysis. In addition to the mtDNA sequence of NP70D/BTK180, presented here, based on our palaeodietary analysis and radiocarbon dating of the five individuals, there is reason to assign them to the Palaeoeskimo culture. The stable carbon and nitrogen isotope values indicate that most dietary protein was sourced from high trophic level marine resources, consistent with the specialized marine adaptation attributed to the Dorset, and the radiocarbon dates place the individuals firmly within the Middle Dorset phase as identified at the site of Phillip's Garden (EeBi-1) [7] (A.J.T.H., A.T.D., S.M., I.M., H.P., and V.G., unpublished data). BTK73 and BTK75 from Indian Cove -DjAq-15 Indian Cove is located in the Bay of Exploits and may be the site of precontact burials associated with two cultures (Dorset and Beothuk). The site was discovered during an archaeological survey in 1974. Faunal remains and Dorset material culture were recovered and submitted to the Provincial museum for curation. Human skeletal remains were later noted among the faunal assemblage and removed to the osteological laboratory of Memorial University of Newfoundland's Department of Archaeology. The human remains were fragmentary and poorly preserved, but a minimum number of two individuals (MNI) was tentatively identified. The bone samples taken for radiocarbon dating and palaeodietary analysis proved to be very similar, suggesting that only one individual was represented. understanding of Dorset palaeodiet, respectively. An incisor from NP298/BTK75 and left rib from NP297/BTK73 were sampled for aDNA analysis. The results confirmed the initial MNI of two individuals as two distinct mitochondrial lineages were present.
Beothuk Mortuary Sites
The Beothuk and their ancestors, represented by the Little Passage and Beaches archaeological complexes, have inhabited Newfoundland for over 2000 years [64, 65] . Similarities have been drawn between the Precontact Beothuk complexes and Labrador's Point Revenge and Daniel Rattle complexes, suggesting that these cultures were linked in a broad interaction sphere stretching from Newfoundland to the north coast of Labrador and along the Quebec Lower North Shore [4, 66, 67] . Beothuk lifeways have generally been understood through the ethnohistoric record, but recent archaeological investigations have revealed further details regarding Beothuk settlement and subsistence patterns. Unlike the Dorset Palaeoeskimo, with whom the Precontact Beothuk people shared the island, the Beaches and Little Passage people employed a generalized mixed marine-terrestrial adaptation that made use of the productive near-shore regions of the island. From the protected inner bays and river systems, the Beothuk and their ancestors could monitor and access a variety of marine mammals, fish and aquatic birds, or, they could move inland to intercept the caribou as they crossed the island's rivers on their autumn migration [68, 69] . The Beothuk of the historic period were able to maintain this way of life while the European fishery remained migratory, but as Europeans seized control of the island's waters and began to establish permanent settlements along the coastline year round, interactions between the Beothuk and settlers became more frequent and were often antagonistic [13] . To avoid potential altercations and maintain their way of life, the Beothuk are reported to have retreated from their coastal settlements and focused their subsistence efforts on the caribou hunt and salmon fishery along the Exploits River watershed and Notre Dame Bay [13, 68] .
Beothuk mortuary contexts are predominantly known from the post-European contact period, as indicated by the recovery of modified European goods from Beothuk grave sites [13] . Marshall has identified a number of attributes that typify Beothuk mortuary ceremonialism. Authentic Beothuk burial sites are usually found along the coastline in caves or rockshelters (the Red Indian Lake burial hut is the exception); the sites feature abundant use of red ochre, typically incised or carved bone ornaments, faunal remains, and utilitarian objects; burial sites can feature one or several individuals in flexed or extended position, often shrouded in birchbark or animal hide [13] . Unfortunately, the majority of the known mortuary sites were first encountered and disturbed by curious locals in the nineteenth century such that the original archaeological context has been lost for the sites mentioned below.
Human skeletal remains are known from 12 Beothuk sites, and two putative Beothuk or Precontact Beothuk sites. The 12 Beothuk sites are considered to be authentic on the basis of the archaeological context, which, after Marshall [13] , includes the site location, recovered and/or reported artifacts, use of red ochre, and recorded body position. Where archaeological context is uncertain (e.g., Rogers' Cove), we based our assignment of Beothuk cultural affiliation on radiocarbon dates (falling between 2000 B.P. and the mid-19 th century), palaeodiet as evaluated through isotopic analysis, and site location with the assumption that aboriginal remains encountered in the northeastern region of the island were most likely to be Beothuk given the distribution of Mi'kmaq and Beothuk people during the historic period [70] . In cases of comingled remains, we attempted to sample the same element for aDNA analysis as for radiometric dating. In cases where the remains of a single individual were recovered, we preferentially selected a tooth for aDNA analysis and a bone sample for radiocarbon dating and isotopic analysis. Among the Beothuk remains, preservation is generally good and in some cases includes soft tissue (NP265/BTK60, and NP152/BTK35). The skeletal remains from Fox Bar are an exception as these were weathered due to their exposure on the ground surface [71] . Biological sex and age are indeterminate for the majority of the individuals listed below, as the skeletal remains are too fragmentary for productive osteological assessment. BTK60 from Big Island -DjAw-17, DjAw-18 Big Island, formerly known as Burnt Island, is located in Notre Dame Bay, near the town of Robert's Arm, on Newfoundland's northeastern coast. In 1882, the skull of an adult (NP265/BTK60) was recovered with contact period items including a knife blade and axehead [13] . An intact molar root was taken from the maxilla for aDNA analysis and a sample of skull bone was removed for 14 C and isotopic analyses. Stable isotope data indicates a marine-protein based diet. BTK20 and BTK188 from Charles' Arm/Cove -DiAt-2 Located in a rock shelter $1 m above sea level on the eastern side of the mouth of Charles Arm, near the modern community of Point Leamington, Newfoundland, Helen Devereux [72] and Joseph Woodworth (miswritten as 'Woodward' in Devereux's notes) discovered previously disturbed remains of two individuals. Contained among loose rock within the central, ocean facing margin of the rock shelter were appendicular skeletal remains of a possible male adult and a child. Devereux [72] noted staining on the remains consistent with red ochre, however, no further evidence for ochre use within the disturbed burials, or the rock shelter in general, was found. The only additional artifactual evidence at the site consisted of pieces of birch bark and a piece of cut wood. A sample from the right tibia (XIII-A:13a/BTK20) and right femur (XII-A:13b/BTK188) of the adult were taken for aDNA, 14 C dating and isotope analyses. The consistency of the data suggests these two samples may represent one individual. While the site contextual information is limited, the data obtained from our study would suggest this individual, and by association this burial site, was likely Beothuk in cultural affiliation. BTK35/61, BTK55, BTK72 from Comfort Island -DiAr-1 In September of 1888, the skeletal remains of an adult male (NP152/BTK35), aged approximately 35 years, were found in a cave on Comfort Island, in the Bay of Exploits [73, 74] . The individual was found in a flexed position, lying on his side with his head to the north and his arms wrapped around his legs [74] . The bones were heavily coated with red ochre, and a number of artifacts were recovered with the skeleton. These include bone ornaments, broken arrows, blue and white glass beads, iron pyrites and several bird skulls [74] . The individual was subsequently articulated for museum display during the 20 th century and each skeletal element bears drill holes.
This individual represents the most complete adult skeleton affiliated with the Beothuk culture. The individual's teeth are unevenly worn and display marked enamel hypoplasia, but no other signs of physiological stress, illness or injury were noted, nor any indications as to the cause of death [73] . A bone sample from the fibula was removed for aDNA analysis. The fragmentary remains of two other individuals were recovered from the site by amateur archaeologist, Donald Locke, during the 1970s. NP296/BTK55 represents an adult, from which a right mandibular second premolar (RPM 2 ) was selected for ancient DNA analysis and a piece of mandibular bone was used for radiocarbon dating and isotope analysis. NP294/BTK72 is a probable adult represented by only a few bone fragments. A left distal phalange was selected for radiocarbon dating and aDNA analysis. The Comfort Island individuals had similar marine protein-based diets that had intermediate d 13 [73] . The bones are covered with red ochre and are quite weathered with exposed trabecular bone, although preservation varies across the skeletal elements. Enamel hypoplasia are distributed across the anterior maxillary and mandibular teeth and dental wear has exposed dentine on all remaining teeth. A left mandibular second premolar (LPM 2 ) was selected for aDNA analysis and right humerus was selected for radiometric and isotopic analysis. The radiocarbon date (Table S1 ) placed the individual within the historic period, and the isotopic data indicated a mixed marine-terrestrial diet. BTK15 and BTK76 from Devil's Cove -DjAw- 16 The disturbed remains of two adults of indeterminate sex were discovered beneath a rock overhang in Devil's Cove, on the west side of Notre Dame Bay in the 1960s and later recorded by Memorial University of Newfoundland graduate student, Raymond Leblanc [13] . In a thesis, Leblanc reported an absence of grave goods and red ochre [75] , however, Marshall [13] reports that 6 to 7 bone ornaments were recovered from the site before it was visited by archaeologists. A human maxilla and bone pendant were donated to the Provincial Archaeology Office (PAO) in 1998, and in 2006 the PAO received more teeth and bone fragments. The aDNA and radiocarbon samples were taken from human remains curated by the Canadian Museum of History (CMH) and The Rooms Inc. Provincial Museum. A mandible and left temporal bone from CMH XIII-A:12a/BTK15 were sampled for aDNA and radiocarbon dating, respectively. A left mandibular second molar (LM 2 ) provided the ancient DNA sample for NP299/BTK76, while the radiocarbon date was obtained on bone collagen from a right rib. The stable isotope data indicate that each individual consumed a predominantly marine protein-based diet, however, the radiocarbon dates are divergent and indicate that the burial site was used during the preEuropean contact (NP299/BTK76) and historic periods (CMH XIII-A:12a/BTK 15). BTK68 from Fox Bar -DeAk-2 The Fox Bar site was located under a rock overhang, approximately 6 m above sea level, to the east of the Beaches (DeAk-1) Beothuk habitation site on the coast of Bonavista Bay [71] . The site was located by Paul Carignan [71] , but it had been previously disturbed. Carignan collected the remains of as many as seven individuals that he found lying on the surface, while nearby, large slabs of rock and a thick concentration of red ochre, 1.5 m by 0.5 m, indicated that the burial may have been partially covered [71] . Due to exposure and disturbance, the human remains were fragmented, comingled and generally poorly preserved. Artifacts from the site included aboriginal material, such as 31 carved bone ornaments, shell beads, and contact material that included a kaolin pipe that Carignan dated to the late 16 th or early 17 th century [71] . Sample NP270E/BTK68 represents an infant whose remains had been heavily coated with red ochre. A neural arch and vertebral body were sampled for aDNA and radiocarbon dating, respectively. Radiocarbon dates from NP270E/BTK68 and four other individuals indicate at least two episodes of use, one during the late 16 th to 17 th century (NP270E/ BTK68), and another episode in the 18 th century (A.J.T.H., A.T.D., S.M., I.M., H.P., and V.G., unpublished data).
BTK70 from High Greco Island -DiAt-3
The skeletal remains of an adult of indeterminate sex (NP290/BTK70) were found in a small cave on the south side of High Greco Island in the Bay of Exploits ca. 1930 by Jordan Haynes. The cave is located above a pebble beach at an elevation of 53 m [76] . Devereux [76] described the burial context as a 'crypt' located in the center and along the long axis of the cave. The skeleton had been wrapped in birch bark and was recovered with five or more bone ornaments [76, 77] . Ochre was not reported to be present on the bones or burial items [13] . The remains were removed from the cave by a physician from a nearby town [76] and were curated by the Canadian Museum of History until 2005 when they were transferred to The Rooms Inc. Provincial Museum. A bone sample from the left fibula was removed for aDNA analysis, while a right first rib was sampled for radiocarbon dating and isotope analysis. BTK62 from Ladle Point -DiAm-1 A partial skeleton of a probable adult female (NP266/BTK62) was recovered from a small cave site in Ladle Point on Newfoundland's Straight Shore in 1834. The Straight Shore is located on the northeastern coast of Newfoundland and bridges the Bay of Exploits and Bonavista Bay. The skeletal remains and few artifacts were removed from the cave by a local physician, by the name of Dr. Winter, who learned of the site from an ailing patient who had stolen a tooth from the skull [8] . The skeleton had been placed in a small, birchbark-lined burial pit in the cave, with several artifacts including a spearshaft, ochre, and two pieces of iron pyrite. Only the skull is curated by The Rooms Inc. Provincial Museum, all other skeletal elements having been lost since the initial discovery. The skull is well preserved, though both eye orbits are damaged. The teeth show only moderate wear, suggesting that the individual was not of advanced age. A sample of skull bone was removed for radiocarbon dating and a right maxillary second molar (RM 2 ) provided the aDNA sample.
Current Biology 27, 1-8.e1-e11, October 23, 2017 e5
BTK1 from Long Island -DiAs-6
The partial skeletal remains of three adults (a male and two probable females) and a subadult were recovered from beneath a cliff on the west side of Long Island in the Bay of Exploits in 1927. The burial site had not been disturbed by human activity, but rocks had collapsed upon it and animals may have disturbed the burials [78] . Most of the human bones and artifacts were found beneath a mass of birch bark and several pieces of wood which may have served as a frame, which led Jenness [78] to hypothesize that the human remains had been placed in a type of wigwam. The artifact assemblage from the site is consistent with Beothuk mortuary patterning and includes bone ornaments, birchbark, ochre, iron pyrites, bark vessels, and historic period artifacts including metal spoons and fragments of copper basins [78] . Two samples of bone were removed from the right femur of an adult male for aDNA analysis and radiocarbon dating (CMH XIII-A:01/BTK1). Radiocarbon dates from the three other individuals suggest that the site was reused several times between the 16 th and 19 th centuries (A.J.T.H., A.T.D., S.M., I.M., H.P., and V.G., unpublished data).
BTK189 and BTK190 from Red Indian Lake
The most well-known Beothuk burial site is the nineteenth century site of Red Indian Lake where the remains of Nonosabasut and Demasduit were found inside a wooden burial hut. Demasduit was a Beothuk woman captured by British settlers in the early nineteenth century and held prisoner for almost a year until her death of tuberculosis in 1820. Her body was returned to the Beothuk where they placed it alongside that of her husband, Nonosabasut, previously killed during her capture, and an infant thought to be her child [13] . William Cormack discovered the burial site in 1827, removed the skulls of Demasduit and Nonosabasut, and sent them to Scotland where they are now curated by the Royal Museum of Scotland in Edinburgh [13] . The skulls have previously been the focus of two bioarchaeological studies [11, 79] . Re-analysis of the previously obtained aDNA extracts (Table S3) were analyzed in this study to confirm and give a more specific mtDNA halplotype than was possible in the study by Kuch et al. [11] . BTK63 from Rogers' Cove -DjAp-2 In 1997 the Royal Canadian Mounted Police submitted the skull of a probable adult male to The Rooms Inc. Provincial Museum for curation (NP268/BTK63). The skull had been found amidst some rocks in Rogers' Cove on the southwestern shore of Fogo Island. The limited amount of archaeological context appears inconsistent with Beothuk mortuary ceremonialism [13] , but as the skull was found in isolation, it suggests that the skull was removed from another location. The radiocarbon date situates the individual within the mid-16 th century and the stable isotope data indicate a marine protein-based diet. There is currently no archaeological evidence in support of a Mi'kmaq presence in northeastern Newfoundland during this time period [70] , therefore the most likely cultural affiliation for this individual based on the mtDNA haplotype, radiocarbon dates, dietary information, and general location, is Beothuk. Ancient DNA analysis and radiocarbon dating were conducted on a right maxillary third molar (RM 3 ) and sample of skull bone, respectively.
BTK12 and BTK71 from Swan Island -DiAs-9
A mortuary site was located in a rock shelter on Swan Island, in the Bay of Exploits, in 1886 by J. P. Howley. The rock shelter was located above a small cobble beach, at a distance of approximately 9 m from the water [76] . The human remains had been placed beneath a birchbark canopy with a variety of grave offerings including bone ornaments, red ochre, bone gaming pieces, perforated animal teeth [8] . Contact period items were also recovered which included nails, pieces of metal, glass, and kaolin pipe fragments [8] . Archaeologist Helen Devereux [76] later revisited the site and recovered fragments of birch bark, and a discoidal shell bead. Sample CMH XIII-A:10/BTK12 was curated by the Canadian Museum of History and represents a probable adult of indeterminate sex. Bone samples from a metacarpal were removed for aDNA analysis and radiocarbon dating. A second individual, sample NP292/BTK71, was curated by The Rooms Inc. Provincial Museum, and represents a child of indeterminate sex. A right maxillary deciduous second incisor (Ri 2 ) was removed for aDNA analysis and a small sample of zygomatic bone was radiocarbon dated. Like Long Island and Fox Bar, the Swan Island mortuary site appears to have been used multiple times between the 17 th and 19 th centuries.
Comparative Data
In some of our phylogenetic analyses, we included 102 ancient Native American mitochondrial genomes populations for which consensus sequences were publically available [23, 26, 27, 29-32]. ysis several times over the course of two research projects. This paper primarily makes use of the isotope data and radiocarbon dates acquired during the current project, but we supplement our dataset with isotope data and four radiocarbon dates from Jelsma [10] . The protocol used to prepare bone samples for stable isotope analysis by the Memorial Applied Archaeological Sciences (MAAS) Laboratory follows a standard, modified Longin method [80] . Pieces of bone, weighing approximately 150 -200 mg were removed from skeletal elements using a handheld rotary tool (Jobmate). Ribs and the cortical bone from long bones were preferentially chosen, but care was also taken to sample from skeletal elements that had been damaged in the burial environment, or those that had been previously sampled from. The bone samples were blasted with aluminum oxide powder to remove consolidant, any adhering sediments or pigments, and trabecular bone. Many of the skeletons from Port au Choix-3 had been treated with an unknown consolidant over the course of their curation. Samples from these skeletons were soaked overnight in acetone, followed by ultrasonication with deionized water (DI H 2 O) prior to demineralization. The bone chunks were contained in 15mL screw-top glass test tubes and demineralized in 0.5M hydrochloric acid (HCl) at 4 C, after Richards and Hedges [81] . The bone samples took several days to two weeks to demineralize, depending on the bone preservation and surface area available for demineralization. The resulting collagen pseudomorphs were rinsed with DI H 2 O, and ultrasonicated in 0.025M sodium hydroxide (NaOH) to remove humic contaminants. The NaOH was refreshed every 10min, until the solution remained clear, then each bone sample was rinsed with 0.1M HCl, followed by three rinses with DI H 2 O, and an overnight soak in DI H 2 O to ensure complete removal of the NaOH. The samples were then gelatinized in a dilute HCl solution at a pH of 3 (70 C, 48 hr). The gelatinized samples were cooled to room temperature and filtered with Ezee filters (60-90 mm, Elkay Laboratory Products, UK) to remove particulate material. Poorly preserved samples were treated to an additional filtration step. Samples that appeared poorly preserved (e.g., friable) or had obvious humic contamination were ultrafiltered (30kD, Pall Corp., New York) to separate the collagen molecules from low-molecular weight contaminants. The collagen residues were frozen to À60 C, and lyophilized for 48 hr. Isotopes of carbon and nitrogen were measured at the TERRA Facility of the CREAIT Network of Memorial University of Newfoundland. The collagen samples (1mg) were weighed into tin capsules (737 ultralight, Elemental Microanalysis, Southampton, UK), tightly folded and loaded into an autosampler. The samples were flash combusted at 1800 C in a Carlo Erba NA Series 1500 elemental analyzer. The resulting gases were passed through a reduction reactor held at 650 C to reduced NO 2 gas to N 2 , then separated on a 3 m stainless steel Poropak 50/80 chromatographic column. The CO 2 and N 2 gases were carried on a stream of helium and introduced to a Thermo Electron Delta V Plus isotope ratio mass spectrometer via a Thermo Electron ConFloIII interface. Ten percent of the collagen samples were analyzed in duplicate. Average reproducibility on an in-house protein standard (B2155) over nine runs (n = 31) was ± 0.1& for . Bones were crushed to small pieces (1-2 mm), and demineralized in 0.5N HCl for 24-36 hr at room temperature. In cases where samples were known or suspected to have been treated with consolidants, the fragments were first ultrasonicated in acetone (1 hr) and then Milli-Q water (1 hr) prior to demineralization. The resultant collagen pseudomorphs were rinsed with Milli-Q water to pH > 3, and gelatinized in 0.01N HCl at 60 C overnight. The gelatin solutions were concentrated using precleaned [82] 30 kDa Centriprep ultrafilters (Fisher Scientific). Samples were ultrafiltered twice, diluted with Milli-Q water to reduce salt content, and then ultrafiltered twice more (1500 g, 30 min each time). The concentrated (z1 mL) high molecular weight fractions >30 kDa were frozen with liquid nitrogen and lyophilized overnight in a vacuum centrifuge. Collagen quality was checked (C:N ratio, % C, %N) and stable isotope ratios were analyzed by placing $0.7 mg of collagen in tin capsules which were combusted to CO 2 and N 2 and analyzed using a Fisons NA1500NC elemental analyzer/Finnigan Delta Plus isotope ratio mass spectrometer combination. Replicate measurement errors on known standards were approximately ± 0.1& for d 13 C and ± 0.2& for d 15 N. Accelerator mass spectrometry (AMS) dating was then performed on graphitized CO 2 derived from 2 mg of collagen using a National Electronics Corporation 0.5MV 1.5SDH-1 Pelletron with a 60 sample modified MC-SNICS ion source [84] . All unknowns were run with oxalic acid standards (OX1), known age bone standards, and modern (19th century cow) and ''radiocarbon dead'' blanks (Beaufort Sea whale, 60-70 kyr), that were prepared in the same manner as the unknowns.
METHOD DETAILS
Ancient DNA subsampling All ancient materials were processed in the dedicated cleanroom facilities of the McMaster Ancient DNA Centre, with physically separate areas for subsampling, reagent preparation; extraction, library preparation and pre-indexing processing; and separate facilities for post-indexing processing such as enrichment. We subsampled and processed 169 samples originating from 151 individual remains, of which 77 yielded sufficient DNA results to be included in this study originating from 74 individuals (Table S1) . Before processing and after each sample individually, the laboratory workspace and all tools (e.g., Dremel collar parts, cutting wheel, pulverizing components) were cleaned with a commercial bleach solution followed by UV-irradiated double-distilled water. A portion of dental root or bone (Table S1 ) was removed from each specimen with a Dremel rotary tool using a thin diamond wheel and pulverized with a hammer. Approximately 100mg of tooth or bone powder from each sample was transferred to 1.5mL Axygen MAXYMum Recovery PCR tubes for DNA extraction.
Extraction and NGS library preparation
The powdered tooth/bone subsamples were treated with two rounds of demineralization and digestion whereby they were incubated first for 24 hr in 0.5M EDTA (pH 8.0) at 22 C in a thermomixer; the supernatant was collected and stored at À20 C and the remaining pellet digested in a buffer consisting of 20mM Tris-HCl (pH 8.0), 5mM CaCl 2, 50mM dithiothreitol, 2.5mM N-phenacylthiazolium bromide, 1% polyvinylpyrrolidone, 0.5% sarcosyl and 20mg/mL Proteinase K at 22 C in a thermomixer for 24 hr. Following the end of the second round of demineralization and digestion, the supernatant from each step was pooled and subjected to a purification protocol optimized for ultrashort DNA fragments [85] with modifications as described previously [86] .
The supernatants for samples designated BTK1-BTK60 were subjected to phenol-chloroform extraction [87] . First, 500 mL of phenol-chloroform was added to 1000 mL of supernatant, centrifuged 6-10 min at 13,100rpm, and 500 mL of chloroform (CHCl 3 ) was then added to the sequestered aqueous phase followed by centrifugation (6-10 min at 13,100rpm). Column ultrafiltration with 10kDa cut-off (10K Amicon Ultra-0.5mL; Millipore, MA) of the extraction products proceeded in a stepwise manner. After priming the filters with 450 mL of 0.1xTE (20mM Tris-HCl pH 8.0 and 0.5M EDTA pH 8.0), the extracted material was applied to the column in 450 mL increments and spun to minimum retention (50-mL) for the entire sample tube contents. Two washes of 450 mL 0.1x TE were then applied to the column and spun to minimum retention. The extracted DNA solution obtained a final volume of 50 mL and was removed via pipette in order to purify the concentrate with the QIAGEN MinElute PCR Purification Kit according to the standard protocol, but with two washes of 750 mL Buffer PE, eluting to a final volume of 50 mL with 0.1x TE + 0.05% Tween.
Samples BTK189 and BTK190 were previously subsampled and extracted as described in Kuch et al. [11] . There was no additional material left to subsample and re-process, so we modified the reaction volumes for blunt-end repair step of Illumina double-stranded library preparation [88, 89] to accommodate what remained of the original extractions (Table S3) .
For all samples except BTK189 and BTK190, the initial blunt-end repair reaction of library preparation was completed with 25 mL of template, without the use of UDG or endoVIII to remove uracil residues and abasic sites, and all post-reaction purification steps during library preparation were completed with the QIAGEN MinElute system rather than SPRI beads. Following the final adaptor fill-in step, rather than an additional purification step, we performed a heat deactivation (80 C for 20 min). The final reaction volume, 40 mL, was then frozen at À20 C before use in double-indexing reactions. Each sample was assigned a unique P5/P7 index combination as suggested by Kircher et al. [89] and amplified in a reaction using 20 mL of template, 150nM of each index primer and a 2X KAPA SYBR FAST mastermix for with an initial 5 min denaturation step at 95 C and then 10 cycles of 95 C for 30 s and 60 C for 45 s before a final 3 min hold at 60 C were performed.
Targeted enrichment for human mtDNA
We used an in-solution capture targeted enrichment approach to increase the relative proportion of human mitochondrial reads sequenced. Our baits were designed by MYcroarray (Ann Arbor, Michigan) against the rCRS (GenBank accession NC_012920)
[55], as 80-mers with 20bp tiling density. The in-solution capture was completed according to the MYcroarray protocol (v. 2.3.1) with the following modifications to allow for maximum template input, target complexity and ancient DNA: 9 mL indexed library as template, 50ng of baits per reaction, 55 C hybridization temperature, hybridization times were extended to $16-18 hr. Following capture, the enriched library was amplified as described above, but with twice the reaction volume and purified with the QIAGEN MinElute system. We completed two rounds of enrichment on all samples wherein for the second round, 9 mL of the purified enriched library was used as template instead of indexed library.
Samples were then quantified to assess the total DNA concentration post-enrichment in 10 mL reactions containing 4.0 mL of enriched library as template, 200nM of each primer and the 2X KAPA SYBR FAST mastermix with an initial 95 C denaturation for 5 min, followed by 35 cycles of 95 C for 30 s and 60 C for 45 s and a final 30 s hold at 8 C. Some samples appeared to quantify poorly after the two rounds of enrichment and were subsequently re-amplified for an additional 10 cycles and then re-quantified as described above.
QUANTIFICATION AND STATISTICAL ANALYSIS
Radiocarbon calibration and MRE Correction Radiocarbon ages require calibration against a calibration curve, such as IntCal13 for terrestrial samples, or Marine13 for marine samples [41] . The choice of calibration curve is based upon the source of 14 C in the dated sample. For samples that contain 14 C from two radiocarbon reservoirs, as is frequently the case when the bone collagen of marine-adapted humans are dated, then the two (or more) sources of 14 C must be quantified [90] . This is typically accomplished by inputting the carbon, and sometimes nitrogen or sulfur, isotope values of the material being dated into an isotope mixing model. Evidence from the stable isotope analysis of both the MA cemetery population interred at Port au Choix-3, and the later precontact and historic Beothuk groups (Table S1) Once corrected by +1& for to allow for trophic level fractionation, our endpoints proved to be similar to those used in previous studies of populations from Newfoundland and Greenland (e.g., [24, 93] ). Our decision to combine our dataset with others from the broader region had the effect of increasing the uncertainty of our marine endpoint which in turn reduced the precision of our radiocarbon date calibrations, however, we feel that this is acceptable given that the populations under study were likely consuming migratory species with habitats extending from Greenland to the Gulf of St. Lawrence [97] . Thus by assigning an uncertainty of ± 15% to our percent marine carbon calculation, we have increased the likelihood that the calibrated radiocarbon dates reflect the true age of our samples [90] . The abundance of 14 C in the global oceans is further subject to temporal and geographic variability, known as the Delta R (DR) [98, 99] . In the eastern Arctic and Subarctic, the DR has been shown to vary between 150 ± 60 years in the waters southeast of Baffin Island to 65 ± 60 years in the Hudson Straight [100]. We chose to use a DR of 140 ± 50 years from an average of samples collected along the Labrador coast, in order to be consistent with earlier research in this region [24] . The radiocarbon samples were calibrated ( Figures S2 and S3) Sequencing and bioinformatic processing All samples were sequenced on an Illumina HiSeq 1500 platform at the Farncombe Institute at McMaster University. Samples were pooled in equimolar ratios as determined by the quantitative PCR described above and sequenced with 2x90 bp read chemistry. The raw reads were processed with CASAVA and then trimmed and merged using parameters specific for ancient DNA (-ancientdna) through leeHom [44] , and then mapped with a modified version of BWA [101] (https://bitbucket.org/ustenzel/network-aware-bwa) allowing a maximum edit distance of 0.01 (-n 0.01), a maximum of two gap openings (-o 2) and with seeding effectively disabled (-l 16500). Mapped reads were further filtered to those that were either merged through leeHom or remained unmerged but were properly paired (https://github.com/grenaud/libbam) as well as determined to originate from unique molecules based on both 5 0 and 3 0 coordinates (https://bitbucket.org/ustenzel/biohazard) (i.e., did not originate from PCR duplicates), as well as had a minimum read length of 35 bp and a minimum mapping quality of 30. The average coverage, across all samples, for the mtDNA reference was 266X (6X -1769X) (Table S1 ).
Ancient DNA authenticity and contamination To assess the authenticity of our sequence data, we visualized the terminal damage and deamination frequency within each sample with mapDamage2.0 [45] . All samples were observed to possess some degree of terminal deamination, though the proportion of damaged molecules varied throughout the samples. We also estimated the amount of modern human contamination in each sample with schmutzi [46] . Contamination estimates for samples were generally low, with more than 25% of all samples reporting only 1% contamination, but ranged as high as 37% with a mean of 3% (Table S1 ).
Consensus sequence generation and curation
We also used schmutzi [46] to generate the consensus sequences by mitigating the impact of deamination-induced nucleotide misincorporation. Schmutzi does so by distinguishing between endogenous DNA molecules and those stemming from present-day human contaminants on the basis of fragment length and rate of base mis-incorporations due to deamination. We limited our final analyses to samples with consensus sequences that had less than 10% missing data (i.e., at less than 10% of sites relative to the rCRS where schmutzi could not infer the endogenous base imposing a minimum quality threshold of 5 (-q 5) of a PHRED scale). This final dataset of 74 unique samples was aligned with MAFFT v. 7.2 [47], the multiple alignment was visually inspected to correct any areas of ambiguous alignment and uploaded to Haplogrep Build 17 [48, 49] to assign the mitochondrial haplogroup (Table S1 )
Population Assignment
The assignments of the 53 MA samples are supported by strong contextual data and radiocarbon ages that do not overlap with any other occupations of the island [4] . Likewise, most of the Beothuk samples were assigned on the basis of the archaeological context, their recent estimated ages, and geographic location in the Northeast portion of Newfoundland, outside the territory occupied by the Mi'kmaq [102] . Only three samples could not be confidently identified as Beothuk based on their context, radiocarbon dates and isotopic values. Two of these individuals belong to the D2a1 lineage ( Figure S1 , Table S1 ), previously found in all sampled Dorset Palaeoeskimo, so we have assumed them to be Palaeoeskimo. As the one remaining sample is not haplogroup D2a1, the individual is presumed to be of indigenous origin and thus Beothuk, but we cannot be certain of its cultural and ethnographic affinity (Table S1 ).
Phylogenetic Analyses
We trimmed the alignments of all 74 individual sequences by removing the Poly-C regions (positions 303-315 and 16181-16192). Summary statistics were calculated with R, excluding any missing data (either N, or ''-'') from pairwise comparisons (Table S4 ). The median-joining network was generated using the Network v 4.6 and Network Publisher v 2.0 [50, 51] program with transversions again weighted 3x greater than transitions ( Figure S1 ).
We used BEAST program suite [52, 103] to investigate the demographic history of various subsets of the data. To assess the most appropriate substitution model for each subset, we used jModelTest and the Akaike Information Criterion correction [53, 104] selecting the TN93 model for all datasets and a relaxed clock model for the 153 sample comparison [105] . We removed the poly-C stretch between 303-315 and 16181-16192 and partitioned the data between coding and non-coding portions of the mitochondrial genome with mutation rates of 1.708 E-8 and 9.883 E-8 , respectively, after Soares et al. [106] .
Demographic Simulations
The demographic history of the Beothuk and MA populations were analyzed using an approximate Bayesian computation (ABC) approach. Datasets of mitogenome sequences were simulated using Bayesian Serial Simcoal (http://web.stanford.edu/group/ hadlylab/ssc/) [54, 107] under three different scenarios. These scenarios included the following: i) complete population continuity in which the MA and Beothuk mtDNA genomes were sampled from one continuous population (''one pop'' model); ii) the Beothuk and MA populations are descendent populations of constant size that diverged from an ancestral population thousands of years ago (''two pop constant'' model; and iii) the Beothuk and MA populations are descendent populations with independent growth patterns that diverged from an ancestral population thousands of years ago (''two pop exp'' model).
Each model was parameterized using prior estimates about the size of the New World founder population ($1000 [33]), the timing of the Native American expansion into the Americas ($15,000 YBP [20, 108] ), and the stable, long-term size of indigenous populations in northern North America inferred from the Bayesian skyline plot analysis of the NL mtDNA genomes ($4000; Figure S2 ). Two population samples of 19 and 53 mtDNA genomes were taken at 250 YBP and 4000 YBP, respectively, in each simulation matching the estimated dates and size of our samples.
All simulations were performed with an ancestral effective population size of 1,000 that expanded exponentially to 4,000 between 15,000 and 14,000 YBP, with a constant effective population size of 4,000 persisting until a demographic event. This mirrors the expansion of indigenous populations into the Americas and the period of stable population size afterward, while allowing for local dynamics during more recent periods. Every simulation was parameterized such that a demographic event occurred on the interval of 10,000 and 7,500 YBP with equal probability.
For simulations run under the ''one pop'' model, this event was a sudden change from a population of constant size to one experiencing exponential growth or contraction. The growth rate was determined by the time of the event (7,500 to 10,000 YBP), the population size at the event time (4,000), and the modern population size, which was drawn from the interval 100 to 10,000 with equal probability. Two population samples of 19 and 53 mtDNA genomes were taken from this single population at 250 YBP and 4,000 YBP, respectively. Simulations run under the two population models (''two pop constant'' and ''two pop exp'') were parameterized such that the demographic event included a split of the ancestral population into two descendant populations that had independent population dynamics from the split to the present. Specifically, one model was parameterized such that each descendant population instantaneously changed in size from 4,000 to a size drawn on the interval 100 to 10,000 with equal probability (i.e., the ''two pop constant'' model), while the other was parameterized such that each descendant population experienced exponential growth or contraction from the split to the present, with the growth rates determined similarly to the ''one pop'' model simulations. For all simulations performed under the two population models, population samples of 19 and 53 mtDNA genomes were taken from different populations at 250 YBP and 4,000 YBP, respectively. One hundred thousand simulated mitogenome datasets were generated under each population model. Substitution model parameters (the transition/transversion ratio and shape of the gamma distribution) were populated with estimates from the BEAST analysis, and the per locus mutation rate was calculated using a generation time of 25 years, a per base substitution rate of 1.2 3 10E -8 substitutions/site/year for the entire mtDNA genomes [106] , and a mtDNA genomes sequence length of 16582 bp.
To determine the population model most likely to produce datasets similar to the Beothuk and MA mtDNA genomes determined herein, all simulated datasets were compared with the empirical Beothuk and MA data. This was done by determining Euclidean distances between the simulated and empirical datasets [109] . Euclidean distances were calculated from summary statistics calculated for each simulated dataset in comparison to the values of the same summary statistics calculated from the empirical data. In this study, private haplotypes, haplotype diversity, and F ST were used as the presence of diverse founder lineages carried by Native Americans make statistics like segregating site and pairwise difference less responsive to local dynamics. For the empirical data, these values are listed below in Table S4 .
The posterior sample of simulations was determined by sampling the best simulations (i.e., those with the smallest distance from the empirical data); we selected the $1% of simulations that were closest to the empirical data (i.e., the closest 3,000 simulations out of 300,000 combined simulated datasets, comprised of 100,000 simulations from each of the three population models). The rejection sampling step was performed in R with the packaged R script included with BSSC (available at http://web.stanford.edu/group/ hadlylab/ssc/) and in-house scripts.
The posterior support for each model can be calculated by the frequency of simulations produced from that model in the posterior sample. The posterior sample of 3,000 simulations included 245 (8.2%) simulations from the ''one pop'' model, 832 (27.7%) from the ''two pop constant'' model, and 1,923 (64.1%) from the ''two pop exp'' model. The prior probability of each model is one third, or $33%, given that each model was represented equally by 100,000 simulations.
